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romagnetic or conductrve^mafiBna^^©' 
an adhesli«-^(%rlmvial^parti&i^^ 
laminated: there w itfr ^ a foi i' or tapeHS)- The 
adhesive including exolhennic material Is posi- 
tioned tmtween surfaces FRP material (2) and 
vulcanized nibber <4). High frequwicy or electri- 
cal heating is applied untO exothenmic reaction 
sufficient to raise the tempmttffe cS the adhe- 
sive for j^lng the FRP material and the vul- 
canized rubber is ot>tained. 
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METHOD F RJ INING FRP MATERIAL WITH VULCANIZED RUBBER 



BACKGROUND OF THE INVENTION 
ReM of The Invention 

5 

The present Invention relates generaDy to a 
method for Joining FRP material with vdcantzed nit>- 
t>er. Spet^cally, the present invention relates to a 
method for Joining FRP materia] wfth vulcanized rub- 
ber udr% an adheshre agent io 

Description of The Background Art 

Generally, methods for Joining metallic material 
with vulcanized rubber have been well known in the is 
skiDed art For example. Japanese Patent Second 
Publication (allowed) No. 59-19018 discloses such a 
method. An adhesive Is applied to a surface of a 
metaOlc irmterfal, Oien the surface is pressed to seal 
with a surface of vulcanized rubber. Thereafter, the 20 
seded sufeoes are heated at 150<>C to :^*>C for 0.5 
to ZJQ min. The adhesh^e is thus melted by exothermic 
reaction wfth the metallte material and sealing Is 
accomplished. 

On the other hand« recently, mechanksal strength 25 
of FRP (Rber Relnftjroed Pia^ics such as Graphite 
FRP or Carbon FRP) nDateriala have been greatly 
advanced. Structural bodies fomned of FRP have 
been utilized in certain appHcatkms Instead of nmtailic 
materials. $c 

However, there are certain problems in the case 
of Joinlr^ FRP matertels with Srulcanized rubber. 

First adhesion technkiues used for metallic 
materials cannot be applied for FRP materials. Prin- 
dpally because when FRP is entirely heated, 3S 
mechanical functions ther^. particularty mechanical 
strength and geonrtetricad accuracy, are extremely 
degraded. Therefore, utility of heated FRP cannot be 
expected. Adhesh^es of a non-heated type (edhered 
at ambiem temperature) are a^so available, however. 4C 
when surrounding ternperatures rise to more than 100 
**C. the adheston strength of these adhesVes are 
deteriorated extremely. Therefore, becaise of tack of 
adhesion reliabBity. this method also cannot be 
applied, espec^Uy for joining of mechanteal struo- 48 
tures. 

Secondly, adhesion techniques for FRP materials 
with vulcanized rubber have not been established 
substanfiaDy. Therefm. in spite of FRP materials 
being substantiaOy available as a replaoement fbr so 
metaUic materials, as far as mechanic^ strength is 
concerned. Effecfive replacemM is hindered 
because of the lack of adhesion reliabaity thereof. 



SUMMARY OF THE INVENTION 

It Is therefore a prindpal object of the present 
invention to p rovlde a memodlc^^ 
wttliivricaifllelffOH}^ ah adheshre material. 

It is another otject of the present invention to pro- 
vide a method for Joining FRP material with vul- 
canized rubber without degrading the mechanical 
properties of the FRP rrmtsr^. 

it is e hffther object of the present invention to pro- 
vkte a method for Joining FRP materia with vul- 
canized rubber with high adhesive strength and 
reliability. 

It b furthermore an object of the present Invention 
to provide an adheshre material havhrig high adhesive 
strength and renablllty, so as to join FRP material with 
vulcanized rubtwr. 

Aooording to one aspect of the present inventton, 
a method for Joining FRP material and vulcantzed rub* 
ber is composed of blending exothermic material Into 
an adhesive material, applying said adhesive material 
between fadng surfeces of FRP material and vul- 
cantzed rubber to form a lamination, pressing sakl 
lamination, and heating said l£uminatlon substantially 
enough to Induce exothermic reaction of said exother- 
mic material for establishment of adheston t>etween 
said FRP material and said vulcantzed rubber. 

The exothermic matericd may be a dl^ectrte ma- 
terial selected firom the groups con^sttng of barium 
titenate, and highmolecuiar compounds conrtpri^ng 
pdyacrylonitriie, and polyvinyl chloride. 

Replacement of the exothermic material by fier- 
romagnetic material selected from the group consist- 
ing of: iron, nickel, cobalt and fenrite is also 
preferable. 

Alternatively, the exothermic material may also 
t>e conductive material selected from the group con- 
sisttng of cartx)n black, aluminium, copper, chromium, 
nickel, stainless steel and zinc 

The dietectric material te exothennlcany reacted 
by didectric heating, the ferromagnetto materiat b 
exothermlcally reacted by Inductkin heating, the con- 
ducthre mat^lal is exothennicany reacted by electric 
heating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present Inventkm wfll be understood more 
fuDy from the detailed descripUon given herebelow 
and from the accompanying drawings of the prefeired 
embodbnente of the invention. Howev^, the drawings 
are not intented to imply IMtation of th Invention to 
a spedfk: embodiment, but are for explanatton and 
understending only. 

In the drawing : 
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Fig. 1 foasectional view (tfafirst or second embo- 

d^nt according to the present invention : 

Fig. 2 te a sectkmal view of a third embodknent s 

acoonfing to the present invention ; 

Fig. 3 ta a sectional view of a fourth embodiment 

according to the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED iO 
EMBODIMENT 

Referring now to the drawings. parti^ailaHy to Fig. 
Tlrfdlcating<a^8temkuidbnent^4he^prtt8erit'Mven- 
tionfan<adte8ive.matedai«1^is.appUed»on'a «ig f a ce of f 5 
FRR^naterial 2fbnnedoC epoxy4B8ln,''euch«'GFRP 
or CFRP, or aramW FRP (using aramid fiber reinfor- 
cement). As the adhesive materiat 1. halogenated 
rubber, phenol and/or isocyanate type adheslves are 
preferable. Partidea:,jlJuromagnetic-"rr^^ 3 20 
siK^:as.partides.of*konrnIokiiI7cobaSror^ff^^ 
btended^taJfae^adhe elve ir mtBifari r iy^l^^ a 
deslred^tslendlr^'ratia^Then vulcanized rubber 4 is 
layered on the surface of the FRP material 2 where 
the adhesive 1 1s applied, and pressed thmagatnst 2S 
The njbber material 4 may be fonmed of at least one 
of natural rubber, and synthe^zed rubbers audi as 
SPR, BR, EPDM, OR. Hfgh^ftvKpjen^'lieatb^^ 
apf^-bya cp&5 ctLaUghfrnx^tencff^BiiBi^S^ 
ment (not sivswn in drawing) aSf9itttiif%flit^«<4r¥iquency 30 
les$f^ai>40A4Hzi?*Exothermlc reaction Is derived from 
within the adhesive 1 btduding the particles of fer- 
romagnetic matertcds 3 by Induction heating, and the 
tentperature of the adhesh^e 1 rises immediately to 
adherable temperature, thus joining of the FRP ma* ss 
teria) 2 with the vulcanized nibber 4 can be acoonv 
pltshed. 

White high frequency heating is applied, the 
heated area is limited to the area where sufficient 
induction heating can be derived. That is. no more 40 
than a smaS area adjacent the joining surfaces of both 
the FRP niaterial 2 and the vulcanized rubber 4 are 
heated. Therefore, both n^terlats are never heated 
entirely and deterioration thereof does not occur. 

Acu« diiig4otf« ^lfgmb&^ 4S 
invention, instead of ferromagnetic materials 3. parti- 
d)|s»oMialectrion^ as 
barhrni^^titanate^MiyaGfytonitnlerpolyvb-iyl-^^ 
may alternatlvfili^tj^£tli(tBdirrthe-^^ 
1 tacbtain-santeieffecLiivthe case, 0ie adhesive ma- 60 
terlal is excihenrrdc^ly reacted from within by dielec- 
tric heating derived firom the high frequency heathy. 
Heating conditions detwmlned at more than 10 MHz 
are desirable according to this method. 

Alternatively. maJtriol^T^odfriterdgfJIis 55 
invOTtion,- fegromaoneti&mateiials coiTfloim^tri ln-<b8or 
tape may t>e used.togetherwitti«thfr«dhe8}veHfnthls 
case, a ^og^^orgtape^ A f enon nBgoetioHU gt er ia l^ Is 
appiied.on-^4he'«»feee*of*ti)e*4^RR-m^efia}-2A[ia^ 
adhestv 1 to fonn a lsnlnation>«>shownrin^-Flg. 2. 



The vulcanized rubber 4 Is pressed against the fer- 
romagnetic fbfi or tape 6 via ttie adhesive 1 . High fre- 
quency heating Is applied to the lamination ttieretfter. 
In addition, forming numerous holes in tiie fo9 6 
b^tiTBhand Is a preferable metiiod of erisurli^ adhe- 
sive strengttL 

Referring now to Rg. 3 ^dicating afourth embo- 
diment acoordlng to tfte present Invention, using an 
adhesive together with conductive materials Is also 
possible. A corttluctive coating rraiteriat 7 is ap^tfied 
on the surface of the FRP material 2. the adhesive 1 
Is laminated thereon, then vulcanized rubber 4 Is 
pressed on the adheshre 1. The»oondiffitiya.j^wting 7 
is exotiiofmloallyroactod.electrteany'bytte-^^ 
source 9 via electrodes 8, ^ disposed on both edges 
of the«(teting!7. As ttie heated area of the FRP ma- 
terial 2 and the vuicantzed rut>t>er 4 are limited to an 
area wittiln the joining surfaces tiiereof, the nwchanl- 
cal strengtii of each material cannot be deteriorated, 
unlBce conventional adhesion techniques, 

Add*toiaUy;300fiductivernmtBrtat8 suchli a^^ 
nurn,^phnimlum, nidce! or stainless steel conf^ure^d^in 
f ofl or tape may be used in^ead^of iihi^c^^ 
coating 7 in the same nrnnner-^iovmJ&i^ j^^^2bAlte^ 
natively, partides of carbon blade aluminum, ooppor, 
are also preferalde as conductive materlsds. It Is also 
possltrle to deposit aluminum, zinc or such, directty to 
the joining surface by such as fisne spraying. 

Thus, materials induded In the adhesive are 
exotiiermically reacted by dielectric heating, in the 
case of using dielectric material, by iruluction heating 
in case of u^ng fenonagnetic mat^lal, electric 
heating in case of using conductive material. In all 
cas^. the adhesh^ Is heated rapidly to an adherable 
temperature, then the FRP material and the vul- 
canized rubt>er can be joined strongly via the adhe- 
sive. These materials act as exothermic bodies, and 
no moe than ti)e joiriing area of ttie FRP and the rut>- 
ber are heated. Therefore, the whole body of the FRP 
and the rubber are never heated and tiie temperature 
may be raised rapidly wfthout deteriorating the 
mechanical or geometric characteristics of either ma- 
terial. Additionally, adheshre strengtii and reliabaity 
can be greatiy advanced. 

WhOe ttie present Invention has been disclosed In 
tenms of the preferred embodiment In order to f&cSiU 
tate better understanding of tiie Invention, It ahould be 
appreciated that the irtventton can be embodied In 
variotffi ways witiKMit depending from ttie pvlndple of 
the invention. Ther^ore^ the Invention ahotUd be 
underwood to Indude all poss&le embodiments and 
modification to ttie shown embodiments which can t>e 
embodied wtttiout departing from ttie prindple of ttie 
inventions as set forth In the appended dalms. 
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Claims 

1. A method of bonding a fiber rdnfbrced plastic 5 
(hereinafter FRP) materte! and a vulcanized nib- 

ber oompristng positioning an adhesive and a 
heat-generating materlat between opposed sur- 
faces of FRP material and vulcanized rubber to 
form a temtinate, apprfying pressure to the lami- fo 
nate. and raising the tenrtperature of the heat- 
generating material sufficientiy to establish 
adhe^ between the FRP nutterial and the vul- 
canized rubt>er, 

IS 

2. A method as claimed In claim 1 . wherein the fiber 
reinforcement of the FRP material Is glass fft>er. 
carbon fiber, anmetic polyamlde fiber, or a nrtbct* 
ure of two or more such fibers. 

20 

3. A method as dabned in daim 1 or daim 2, whe- 
rein the vulcanized rublw nattoal rubber, or a 
eynftetic rubber, for example, SPR, BR, EPDM, 
and CR« or a blend of two or more auch rubbere. 

25 

4. Amethodasdaimedinanyoneof daims 1 to3, 
wherein the heat-generating rrat^al is one that 
generates heat <m being subjected to electrical, 
electromagnetic, or magnetic forces. 

so 

5« A method as daimed in any orte of daims 1 to 4, 
wh«^ the hea^eneratlng material is a dleieo- 
trie, Usr exarr^Ie barium titanate or a high molecu- 
lar mateiial having a high loss fector e.g^ 
polyacryionttrOe or poly(vinyt chloride), the heat- 35 
ing advantageously being effected by dielectric 
heating, preferably by high frequency heating at 
up to 10 MHz. 

6. A method as daimed In any one of daims 1 to 4, 40 
wherein the heat-generating material is a fer- 
romagnetic materia], for example. Iron* nidcel, 
cobalt or fenrite, the heating advantageously 
being effected by induction heating, preferably by 
high frequency heating at at least 10 MHz. 4S 

7. A method ^dainDed in any one of daims 1 to 4, 
wherein the heat-generating material is an eleo- 
tricaOy conductive material, for exampl6> cart>on 
black, alun^mmi, copper, civonilum, nickel, etaln- 5a 
less sted. or zinc, and the heating is effected by 
filectrlc heating. 

8. A method as daimed In any one of daintsi to 7, 
wherein the adhesive mataiial is a haiogenated 55 
rubber, a phenolic adhesive or an isocyanate 
adhesive. 

d. Amethod as daimed in any one of daims 1 to 8, 
wherein the heat-generating material la dispersed 



throughout the adhesive, advantageously in par- 
ticipate form. 

10. A method as daimed In any one of daims 1 to 8, 
wherein the heat-generating materiai Is applied in 
the fonm of a tape or fSm, advantageously having 
apertures therein to allow formation on tieattng of 
a continuous mass or layer of adhere between 
the FRP and vulcanized rubbersurfaces, or being 
miscitde with the adhesive on heating to form a 
continuous adhesive layer. 

11. A method as daimed in daim 7, or in daim 8 as 
dependent on daim 7, wherein the conductive 

- material Is deported directly on the surface of the 
FRP material, advantageously by flame spraying. 

12. The use of a heat-generating material, especially 
one actlvatable by electrical, electromagnetic, or 
magnetfo forces, to raise the t^nperahjre cf a 
heat-activated adhesive with whteh It is in thermal 
contact to a temperature suffident to activate the 
adhesive to bond surfeces which are of a materia] 
or materials that is or are sensitive to heat for 
example, fiber reinfbred plastics and elastomers. 

13. An adhesWe ntaterlal for joining FRP ntaterial and 
vulcanized rubb«- comprising exottiermic ma- 
terial in a proportk>n sufficient to cause eM^timr- 
mic reaction to reach an adhedon temperature for 
said adhedve nutterial. 
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